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the inside of the casing. An apparatus is also disclosed for indicating 
that a predetermined quantity of fluid has been ejected from a pipe 
in a wellbore comprising a pressure gauge, a dart (280), a shearable 
member (293) initially shearably attached to said dart (280) and a 
landing seat wherein, in use, said dart (280) follows said predetermined 
quantity of fluid through said pipe, said shearable member (293) lands 
on said landing seat (294), a pressure increase is noted on said pressure 
gauge, said dart (280) shearing away from said shearable member (293), 
indicating that a fixed quantity of fluid is now left in said pipe to be 
ejected. A liner is also disclosed which comprises at least one of a 
float collar and a float shoe mounted therein, characterised in that said 
liner is further provided with a closure member (291) which, in use, on 
withdrawal of a stinger (259), closes. 
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Tool and Method for Removing Excess Cement from the 
Top of a Liner after Hanging and Cementing Thereof 
This invention relates to a tool and method for 
removing excess cement from the top of a liner after 
5 hanging and cementing thereof, a running tool including 
said tool, a liner hanger system including said running 
tool; a casing scraper, a method of cleaning a casing 
using said casing scraper; an apparatus for indicating 
that a predetermined quantity of fluid has been ejected 
10 from a pipe in a wellbore; a liner; and a second liner 
hanger system. 

During the construction of oil and gas wells, a 
wellbore is drilled in the ground a certain distance. A 
string of tubulars is then lowered down the wellbore and 
15 cemented in place. The wellbore is then drilled a 
further distance. A liner is then lowered down the 
wellbore and hung and cemented in place. During 
cementing, wet cement is introduced through the bottom of 
the liner and travels upwardly in the annular space 
20 between the liner and the wellbore. One problem which 
arises in the disposal of the excess cement which 
accumulates at the top of the liner. 

Heretofore, one method of removing this cement has 
been by the use of a special casing scraper. Scraping of 
25 the casing with a conventional casing scraper requires a 
separate trip and is thus time consuming and expensive. 

According to a first aspect of the invention there 
is provided in or for use in a running tool, a tool for 
removing excess cement from the top of a liner after 
30 hanging and cementing thereof. 

Other features of the first aspect of the invention 
are set out in Claims 2 to 14 . 

There is also provided a running tool fitted with 
the tool as defined above and a liner hanging system 
35 comprising a liner hanger assembly and a running tool in 
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accordance with the present invention. 

There is also provided a method for facilitating 
the removal of excess cement from a liner after hanging 
and cementing thereof, comprising the step of 

5 circulating a fluid through a stinger of a running tool 
and a liner. 

There is further provided a method for facilitating 
the removal of excess cement from the top of a liner 
after hanging and cementing thereof, comprising the step 

10 of introducing circulating fluid in the vicinity of the 
top of said liner. The method is preferably carried out 
when the cement is wet and when the introduction of 
circulating fluid occurs immediately after cementing has 
finished and/or as soon as a packer is set in the 

15 annulus between the liner and the casing. 

* * * 

According to a second aspect of the invention there 
is provided a casing scraper comprising at least one 
scraper pad arranged on a tubular member, characterised 
20 in that said at least one scraper pad is rotatable about 
said tubular member. 

Other features of the second aspect of the 
invention are set forth in Claims 22-27. 

There is also provided a method of cleaning a 
25 casing using the casing scraper in accordance with the 
invention comprising the steps of hanging and cementing 
a liner, disconnecting the running tool from the liner 
and raising the tool string in order to clean debris 
from said casing. 
30 * ★ * 

After the liner has been hung, the cementing 
procedure begins. A predetermined quantity of cement is 
pumped down the drill string through the tool string, 
through the stinger out through the bottom of the liner 
35 and up into the annulus formed by the liner and the 
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wellbore. The cement is followed by a dart which amongst 
other things, cleans the interior surfaces of the drill 
pipe. 

A problem for the well operator is that it is 
5 difficult to predict when all of the cement has left the 
stinger and is in the annulus between the liner and the 
wellbore . 

Prior to this aspect of the invention, the well 
operator simply used a gauge which indicates the 
10 quantity of cement entering the drill pipe. This gauge 
can be relatively inaccurate. For example, when pumping 
2000 barrels an inaccuracy of 50 barrels would not be 
uncommon . 

When the gauge indicates that nearly all of the 

15 cement has passed the bottom of the stinger, the well 
operator would expect a slight pressure increase due to 
the dart following the cement landing in a shearable 
landing collar. This would be followed by a pressure 
drop when the shear pins joining the shearable landing 

20 collar to the stinger shear. If the dart for any reason 
did not land or passed through the shearable landing 
collar, the well operator may not realise that all of 
the cement in the well has passed through the end of the 
stinger. This could cause mud or water to be pumped into 

25 the annulus between the liner and the wellbore. 

Accordingly there is provided an apparatus for 
indicating that a predetermined quantity of fluid has 
been ejected from a pipe in a wellbore, which apparatus 
comprises a pressure gauge, a dart comprising a body and 

30 a member shearably attached thereto, and a landing seat, 
the arrangement being such that, in use, said dart 
follows said predetermined quantity of fluid through 
said pipe and lands on said landing seat, a pressure 
increase is noted on said pressure gauge until said body 

35 of said dart shears away from said member, said pressure 
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increase indicating that said dart has reached a known 
position in said wellbore. 

★ * * 

The present invention also provides a liner having 
5 at least one of a float collar and a float shoe mounted 
therein, characterised in that said liner is further 
provided with a closure member which, in use, on 
withdrawal of a stinger closes, thereby allowing 
circulation to be carried out through the end of the 
10 stinger after withdrawal thereof, without disturbing the 
wet cement at the bottom of the liner and in the annulus 
between the liner and the wellbore. 

Other features of this aspect of the invention are 
set out in claims 33 and 34 . 
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For a better understanding of the present invention 
reference will now be made, by way of example, to the 
accompanying drawings, in which :- 

Figure 1 shows a side view of part of a first 
5 embodiment of a running tool in accordance with the 
present invention, partly in cross-section; 

Figure 2 shows a profile of an indexing channel 
used in the running tool shown in Figure 1 ; 

Figures 3a-cj (arranged on 7 sheets) show a 
10 schematic diagram of a first embodiment of a liner 
hanger system in accordance with the present invention 
comprising a running tool and associated equipment (left) 
and a liner hanger assembly (right) ; 

Figure 4 shows, to an enlarged scale, a packer 
15 which forms part of the liner hanger assembly of Figure 
3; 

★ * * 

Figure 5 shows a side view of part of a second 
embodiment of a running tool in accordance with the 
20 invention, partly in cross-section; 

Figure 6 shows a profile of an indexing channel 
used in the running tool shown in Figure 5; 

Figures 7a-f (arranged on 6 sheets) show a 
schematic diagram of a second embodiment of a liner 
25 hanger system in accordance with the present invention 
comprising a running tool and associated equipment (left) 
and a liner hanger assembly (right) ; 

★ * * 

Figures 8 £~h (arranged on 8 sheets) show a 
30 schematic diagram of a third embodiment of a liner 
hanger system in accordance with the present invention 
comprising a running tool and associated equipment (left) 
and a liner hanger assembly (right) ; 

Figures 9a-b to 12a-c show a simplified schematic 
35 diagram of the liner hanger system 
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as shown in Figures 8a-h assembled and in a first, 
second, third and fourth position respectively; 

* * ★ 

Figure 13 shows a side view, partly in section, of 
5 a casing scraper according to another aspect of the 
invention . 

Referring to Figure 1, there is shown a rotatable 
packer actuator which is generally identified by the 
reference numeral 100. 

10 The rotatable packer actuator 100 comprises a 

coupling 1 to which is connected a hollow mandrel 4 . 

A spring 5 is arranged circumjacent the hollow 
mandrel 4 . The upper end of the spring 5 bears against 
shoulder 3 of coupling 1 and the lower end of the spring 

15 5 bears against a bearing ring 6. 

The bearing ring 6 is slidably mounted on the 
hollow mandrel 4 and presses against the upper end of a 
valve sleeve 7. A cylindrical roller thrust bearing 8 
is located at the lower end of the valve sleeve 7. The 

20 valve sleeve 7 is both rotatable about the hollow 
mandrel 4 and movable longitudinally thereof- The spring 
5 biases the valve sleeve 7 away from coupling 1. 

An indexing pin 9 extends radially inwardly from 
the valve sleeve 7 and is located in an indexing channel 

25 10 which is milled or otherwise formed in or on the 
hollow mandrel 4. The path of the indexing channel 10 
is shown in Figure 2. The spring 5 biases the indexing 
pin 9 against an irregular surface 11 of the indexing 
channel 10. 

30 Ports 12 are arranged in a circumferential ring 

about hollow mandrel 4. Circumferential seals 13 are 
located both above and below ports 12. Directional 
ports 14 are arranged in a circumferential ring about 
valve sleeve 7 . 

35 At the lower end of valve sleeve 7 there is a 
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thrust ring 16 which retains the cylindrical roller 
thrust bearing 8. The thrust ring 16 is held in 
relation to an actuator sleeve 17 by inset screws. A 
lower part of the thrust ring 16 projects across a 
5 part of dogs 18. 

Dogs 18 are arranged in a circumferential ring 
about actuator sleeve 17. Each dog 18 is located on a 
pin 19 and movable thereabout. Each dog 18 is radially 
biased away from the actuator sleeve 17 by a dog spring 
10 20. Each dog 18 is provided with a lower lip 21 which 
extends beneath a retainer ring 22 which is disposed 
about the lower end of the actuator sleeve 17 and held 
in relation thereto by inset screws 23. 

The retainer ring 22 limits the maximum movement of 
15 each dog 18 about its pin 19. 

The bottom of hollow mandrel 4 is connected to an 
adaptor 24 . 

Referring now to Figure 3, a schematic diagram of a 
liner setting system is shown incorporating the 

20 rotatable packer actuator 100 as shown in Figure 1. 

By way of outline the left hand side of Figure 3 
shows a running tool whilst the right hand side of the 
drawing shows a liner hanger assembly. The liner hanger 
assembly which is generally identified by reference 

25 numeral 1500 comprises a liner 51, a liner hanger 54, a 
packer 56 and a polished bore receptacle 50 all of which 
remain in the well after the liner has been set in 
position. In contrast the running tool is used to lower 
the liner hanger assembly into position and is eventually 

30 recovered. The running tool, which is generally 

identified by the reference numeral 1000 comprises a 
stinger 59, a retractable ball seat sub 61, a cement 
wiper sub 60, a pressure port straddle 58, a pack-off 
bushing 55, a setting tool 53, the rotatable packer 

35 actuator 100 and a floating junk bonnet 52. 
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In use, the running tool 1000 is loaded into the 
liner hanger assembly 1500. 

In order to load the rota table packer actuator 100 
the dogs 18 are pushed radially inwardly to enable them 
5 to enter the polished bore receptacle 50. When the 
rotatable packer actuator 100 is loaded, the dogs 18 
partially open radially outwardly but are prevented from 
maximum extension by the internal surface of the 
polished bore receptacle 50. 

10 When loaded the packer 56 accommodates the pack-off 

bushing 55, the setting tool 53 and the rotatable packer 
actuator 100. It is closed by the junk bonnet 52, which 
is preferably of the kind disclosed in GB-A-2 284 439, 
which is incorporated herein for all purposes. 

15 A pressure port straddle 58 is arranged beneath the 

pack-off bushing 55 in the stinger 59 in liner 51 and in 
close proximity to the liner hanger 54 . A cement wiper 
sub 60 is provided below the pressure port straddle 58, 
and retractable ball seat sub 61 below that. A no-go 

20 sub 62 and a stinger pack off 63 are arranged above a 
ported stinger 64 which is located at the bottom of the 
stinger 59 which can be several hundred metres below the 
liner hanger 54 . 

The rotatable packer actuator 100 is arranged below 

25 the junk bonnet 52 and above the setting tool 53. The 
annulus between the tools and the polished bore 
receptacle 50 and between the junk bonnet 52 and the 
pack -off bushing 55 is filled with hydraulic fluid which 
hydraulically locks the junk bonnet 52 to the polished 

30 bore receptacle 50. The stinger pack off 63 is provided 
near the bottom of the liner 51 to provide a seal in 
the annulus between the stinger 59 and the liner 51. The 
liner 51, the polished bore receptacle 50, the junk 
bonnet 52 and the enclosed tools are then lowered into a 

35 wellbore through a casing string (not shown) on a tool 
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string (not shown) . When the liner hanger 54 reaches a 
predetermined point near the lower end of the casing, 
for example 152m (500 feet) above the lower end of the 
casing string, lowering is ceased. 

The liner 51 is hung by setting the liner hanger 54 
which is hydraulically activated via the pressure port 
straddle 58 by the following steps. 

Firstly dropping a setting ball 65 through the 
drill string, through tubular member 57 and through the 
stinger 59 until the setting ball 65 lands on a seat 66 
of retractable ball seat sub 61 to form a blockage in 
the stinger 59. 

Secondly, fluid is pumped down the drill string 
through the tubular member 57 and through the stinger 
59, but is prevented from going further down the stinger 
59 by the blockage. The fluid is forced through ports 
67 in the pressure port straddle 58. The stinger pack- 
off 63 prevents the fluid passing down the annulus 
formed by the stinger 59 and the liner 51. The annulus 
between the stinger pack off 63 and the pack-off bushing 
55 fills with the fluid under high pressure of 
approximately 103 bar (1500 psi) and sets the liner 
hanger 54 hydraulically in a known manner such as that 
described in co-pending GB-A-96 00103.7, which is 
incorporated herein for all purposes. As the pressure 
builds up to approximately 172 bar (2500 psi) , the seat 
66 of the retractable ball seat sub 61 moves downwardly 
and divides thereby allowing setting ball 65 to drop to 
the bottom of the ported stinger 64 to a bull plug 68. 

The drill pipe (not shown) and the upper part of 
the tubular member 57 are now released from immediate 
longitudinal connection with the liner 51 by use of 
setting tool 53. This is conventionally achieved by 
unscrewing the screwed connection between the packer 56 
and the setting tool 53. The drill string can now be 
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raised a few feet and lowered without liner weight. 
This shows the well operator that the weight of the 
liner 51 is carried by the liner hanger 54. 

The liner 51 is then cemented in place by pumping a 
5 predetermined quantity of cement from the surface down 
through the drill string, through tubular member 57 and 
through the stinger 59 and forced out through ports in 
the ported stinger 64 . The stinger pack off 63 prevents 
cement from rising inside the liner 51 and hence the 

10 cement is forced down through a float collar 71 and a 
float shoe 72 and then up through the annulus between 
the liner 51 and the wellbore (not shown) and up through 
a second annulus formed between the liner 51 and the 
casing (not shown) and then past the polished bore 

15 receptacle 50. Any excess cement simply builds up in 
the casing above the junk bonnet 52 . The cement is 
followed down the drill string by dart 73 which lands in 
a shearable seat 74 in no go sub 62 above the port 
stinger 64 . Pressure is now built up to shear out the 

20 shearable seat 74 so that it and the dart 73 land on the 
bull plug 68 below the ports in the ported stinger 64. 

The junk bonnet 52 is then released from the 
polished bore receptacle 50 and the drill string, 
tubular member 57 and stinger 59 are raised, lifting the 

25 rota table packer actuator 100 until it is above the top 
75 of the polished bore receptacle 50. 

Raising the drill string also lifts the setting 
tool 53 which allows packer dogs 76 in packer 56 to move 
inwardly and out of longitudinal alignment with the 

30 polished bore receptacle 50 shown in Figure 4. 

Referring back to Figure 1, the dogs 18 now extend 
outwardly from the central axis of the rotatable packer 
actuator 100 and are retained by lip 21 on retaining 
ring 22 (as shown) . 

35 Drill string weight is applied. The indexing pin 9 
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follows the channel 10 and locates in position 26. 
Ports 12 remain sealed by valve sleeve 7 . 

The weight applied to the polished bore receptacle 
50 pushes the polished bore receptacle 50 down and 
5 activates packer 56 which seals the annulus between the 
liner 51 and the casing. This is carried out before the 
cement in the annulus between the polished bore 
receptacle 50 and the casing and between the liner 51 
and the casing has had time to set. 

10 The pressure port straddle 58 has an outer sleeve 

69 which, upon lifting the tubular member 57 and the 
pressure port straddle 58 against the bottom of pack-off 
bushing 55, closes the ports 67. Collets 70 prevent the 
ports 67 from being reopened. Continued upward pull 

15 releases the pack-off bushing 55. The drill string is 
then raised a small distance. The indexing pin 9 
follows the channel 10 and locates in position 27. 
Ports 12 remain closed by valve sleeve 7 . 

The drill string is then lowered and raised. The 

20 indexing pin follows the channel 10 and locates in 
position 28. Ports 12 are now aligned with directional 
ports 14 . Circulation can now begin by pumping mud or 
sea water or any suitable circulation liquid down the 
drill pipe through the hollow mandrel 4 and through 

25 aligned ports 12 and direction ports 14 . The cement 
wiper sub 60 forms a barrier in the annulus between the 
stinger 59 and the liner 51 and thereby substantially 
prevents any cement from falling into the liner 51. 
Reverse circulation can also take place by pumping mud 

30 through the annulus made by the drill pipe and the 
casing through the aligned directional ports 14 and 
ports 12 up through the hollow mandrel 4 . Circulation 
is continued until substantially all traces of cement 
above the polished bore receptacle 50 have been removed 

35 thereby reducing or even obviating the need to further 
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clean the inside of the casing at the top of the liner. 

The ports 12 can be closed using the above 
described method. This allows circulation to 

continue through the bottom of the stinger 59. 
5 The opening and closing cycle can be repeated as 

many times as desired. 

After circulation is complete, the drill pipe and 
running tool 1000 are lifted out of the casing. 

The directional ports 14 need not be directional, 
10 although this is preferred. 
★ * * 

Referring now to Figure 5, there is shown a 
pressure port straddle which is generally designated 
by reference numeral 200. 

15 Like parts will be referred to with like reference 

numerals with regard to Figures 1 and 2 in the one 
hundred series . 

The pressure port straddle 200 comprises a hollow 
mandrel 104 having a coupling 102. A spring retainer 

20 103 is fixed to the hollow mandrel 104. A spring 105 is 
arranged circumjacent the hollow mandrel 104. The upper 
end of the spring 105 bears against spring retainer 103 
and the lower end of the spring 105 bears against 
bearing ring 106. 

25 The bearing ring 106 is arranged to bear on the 

upper end of a valve sleeve 107 which is rotatable about 
the hollow mandrel 104 and movable therealong. The 
spring 105 biases the valve sleeve 107 away from spring 
retainer 103. 

30 Although a lower thrust bearing could be present it 

is envisaged that the upper bearing alone will be 
adequate to allow rotation of the valve sleeve 107 
about hollow mandrel 104. 

An indexing pin 109 extends from the valve sleeve 

35 107 and is located in an indexing channel 110. Indexing 
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channel 110 is milled or otherwise formed in the hollow 
mandrel 104. The path of the indexing channel 110 is 
shown in Figure 6. The spring 105 biases the indexing 
pin 109 against an irregular surface 111 of the indexing 
5 channel 110. 

Ports 112 are arranged in a circumferential ring 
about hollow mandrel 104. Circumferential seals 113 are 
located both above and below ports 112. Sleeve ports 
114 are arranged in a circumferential ring about valve 

10 sleeve 107. 

At the lower end of valve sleeve 107 there is a 
thrust ring 116 held in relation to the valve sleeve 107 
by inset screws. A lower part of the thrust ring 116 
projects across a part of dogs 118. 

15 Dogs 118 are arranged in a circumferential ring 

about valve sleeve 107. Each dog 118 is located on a 
pin 119 and movable thereabout. Each dog 118 is radially 
biased away from the valve sleeve 107 by a dog spring 
120. A lower lip 121 is integral with each dog 118. A 

20 retainer ring 122 is disposed about the lower end of 
valve sleeve 107 and held in relation to the valve 
sleeve 107 by inset screws 123. 

The retainer ring 122 projects across the lip 121 
of each dog 118 and thereby limits the movement of each 

25 dog 118 about pin 119 to a maximum extension. 

Referring now to Figure 7, a schematic diagram of a 
liner hanger system is shown incorporating the pressure 
port straddle 200 as shown in Figure 5. 

In use, the pressure port straddle 200 is loaded 

30 into a liner 151. The dogs 118 are pushed radially 
inwardly towards the central axis of the pressure port 
straddle 200. When the pressure port straddle 200 is 
loaded, the dogs 118 partially open radially outwardly 
but are prevented from maximum extension by the internal 

35 surface of the liner 151 . 
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The polished bore receptacle 150 is also loaded 
with a number of other tools used in the hanging and 
setting of the liner 151 including a junk bonnet 152, a 
packer actuator 300, a setting tool 153 and a pack-off 
5 bushing 155, The packer actuator 300 and the setting 
tool 153 are used to actuate the packer 156. The tools 
depend from a drill string (not shown) which is 
connected to an inner string at the top of which is a 
tubular member 157 . 

10 The pressure port straddle 200 is arranged beneath 

the pack-off bushing 155 on a stinger 159 in liner 151 
and in close proximity to a liner hanger 154. A pick up 
sub 160 is provided above the pressure port straddle 200 
and a retractable ball seat sub 161 below the pressure 

15 port straddle 200. A no-go sub 162 is located towards 
the bottom of stinger 159. A stinger pack off 163 is 
arranged above a dart landing collar 183 which is 
located at the top of the ported tube 164 . 

The packer actuator 300 is arranged below the junk 

20 bonnet 152 and above the setting tool 153. The annulus 
between the tubular member 157 and the polished bore 
receptacle 150 and between the junk bonnet 152 and the 
pack-off bushing 155 is filled with hydraulic fluid 
which locks the junk bonnet 152 in the polished bore 

25 receptacle 150. The stinger pack off 163 is provided 
near the bottom of the liner 151 to provide a seal in 
the annulus between the stinger 159 and the liner 151. 
The liner 151, the polished bore receptacle 150, the 
junk bonnet 152 and the enclosed tools are then lowered 

30 into a wellbore through a casing string (not shown) . 
When the liner hanger 154 reaches a predetermined point 
near the lower end of the casing string lowering is 
ceased. 

The liner 151 is hung by setting the liner hanger 
35 154 which is hydraulically activated by the following 
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steps . 

Firstly dropping a setting ball 165 through the 
drill string through tubular member 157 and through the 
stinger 159 until the setting ball 165 lands on a seat 
5 166 in the retractable ball seat sub 161 to form a 
blockage in the stinger 159. 

Secondly, fluid is pumped down the drill string 
through the tubular member 157 and through stinger 159, 
but is prevented from going further down the stinger 159 

10 by the blockage. The fluid is forced through ports 112 
in the pressure port straddle 200. The pack-off bushing 
155 prevents the fluid passing up the annulus formed by 
the stinger 159 and the polished bore receptacle 150. 
The annulus between the pack-off bushing 155 and the 

15 stinger pack-off 163 fills with the fluid under high 
pressure of approximately 103 bar (1500 psi) and sets 
the liner hanger 154 hydraulically in a known manner. 
As the pressure builds up to approximately 172 bar (2500 
psi) , the seat 166 of the retractable ball seat sub 161 

20 moves after breaking some shear pins, divides, and 
allows setting ball 165 to drop to the ball seat 168 
into the ported tube 164. 

The drill pipe (not shown) and the upper part of 
the tubular member 157 are now released from immediate 

25 longitudinal connection with the liner 151 by use of 
setting tool 153. The drill string can now be raised 
and lowered a few feet without liner weight. This shows 
the well operator that the weight of the liner is 
carried by the liner hanger. 

30 The liner 151 is then cemented in place by 

releasing a first dart 180 followed by a predetermined 
quantity of cement from the surface down through the 
drill string, through the tubular member 157 and through 
the stinger 159. The first dart 180 lands in ported tube 

35 164. The cement is forced out of mule shoe 179, into the 
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annulus beneath the stinger pack off 163 and through 
ports in a ported tube 164. The stinger pack off 163 
prevents cement from rising inside the liner 151 and 
hence the cement is then forced down through a float 
5 collar 171 and a float shoe 172 and then up through the 
annulus between the liner 151 and the wellbore (not 
shown) and up through a second annulus formed between 
the liner 151 and the casing and then past the polished 
bore receptacle 150. Any excess cement simply builds up 

10 in the casing above the junk bonnet 152. The cement is 
pumped down by a second plug 173 which lands and seals 
in seat 183 above the ported tube 164. 

Some cement may pass into the annulus between the 
tubular member 159 and the liner 151 through ports 112, 

15 however, this will be minimal as fluid in the annulus 
would substantially prevent this from occurring. 
Circulation, which will be explained hereafter will 
remove any such cement that does pass into the annulus . 

The junk bonnet 152 is then released from the 

20 polished bore receptacle 150. As the drill string is 
raised lifting the packer actuator 300 until it is above 
the top 75 of the polished bore receptacle 150. The 
pack-off bushing 155 substantially prevents cement 
flowing into the liner 151 at this time. 

25 Raising the drill string also lifts the setting 

tool 153 which allows the packer dogs 176 in packer 156 
to move inwardly and out of longitudinal alignment with 
the polished bore receptacle 150. Dogs 218 now extend 
outwardly from the sleeve 207 of the packer actuator 300 

30 and are retained by lip 221. 

Drill string weight is applied. The weight is 
transferred to the polished bore receptacle 150, which 
moves the polished bore receptacle 150 down and 
activates the packer 156 which seals the annulus between 

35 polished bore receptacle 150 and the casing. This is 
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carried out before the cement in the annulus between the 
polished bore receptacle 150 and the casing has had time 
to set. 

The drill string is then raised to remove pack-off 
5 bushing 155 from the packer 156. Circulation can now 
begin by pumping mud or sea water or any suitable 
circulation liquid down the drill pipe through the 
hollow mandrel 104 and through aligned ports 112 and 
sleeve ports 114, the bottom of the stinger having been 

10 sealed by second plug 173. An optional cement wiper sub 
(not shown) arranged beneath the pressure port straddle 
200 would form a barrier in the annulus between the 
stinger 159 and the liner 151, and thereby substantially 
prevent any cement from falling into the majority of the 

15 length of the liner 151. Reverse circulation can also 
take place by pumping mud through the annulus made by 
the drill pipe and the casing through the aligned ports 
112 and sleeve ports 114 and up through the hollow 
mandrel 104. The pressure port straddle 200 can be 

20 raised further up the liner 151 and into the polished 
bore receptacle 150. The dogs 118 now extend outwardly 
from the valve sleeve 107 of the pressure port straddle 
200 and are retained from maximum extension by lip 
121 engaging retaining ring 122. The pressure port 

25 straddle 200 can be raised up through and above 
polished bore receptacle 150 while circulation continues 
through ports 112, and sleeve ports 114 into the polished 
bore receptacle 150 and into the casing (not shown) while 
the cement wiper sub (not shown) remains in liner 151. 

30 The pressure port straddle 200 is then lowered and 

dogs 118 engage with shoulder 181 formed by the top of 
the liner 151. Drill string weight is then applied and 
released. The indexing pin 109 follows the channel 110 
and locates in position 128. The valve sleeve 107 moves 

35 upwardly against spring 105 and seals port 112. As the 
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mule shoe 179 is now raised clear of* the stinger pack- 
off 163 circulation through the stinger 159 can now take 
place to clean out the annulus between the stinger 159 
and the liner 151 if so desired. 
5 Referring now to Figure 8a -h, a schematic diagram 

of another liner hanger system is shown incorporating 
the pressure port straddle 200 as shown in Figure 5. 

In use, the pressure port straddle 200 is loaded 
into a liner 251. The dogs 118 are pushed radially 
10 inwardly towards the central axis of the pressure port 
straddle 200. When the pressure port straddle 200 is 
loaded, the dogs 118 partially open radially outwardly 
but are prevented from maximum extension by the internal 
surface of the liner 251. 
15 The polished bore receptacle 250 is also loaded 

with a number of other tools used in the hanging and 
setting of the liner 251 including a junk bonnet 252, a 
packer actuator 300, a setting tool 253 and a pack-off 
bushing 255 . The packer actuator 300 and the setting 
20 tool 253 are used to actuate the packer 256. The tools 
depend from a drill string (not shown) which is 
connected to an inner string at the top of which is a 
tubular member 257 . 

The pressure port straddle 200 is arranged beneath 
25 the pack-off bushing 255 on the tubular member 257 in 
liner 251 and in close proximity to a liner hanger 254. 
A cement wiper sub 2 60 and a retractable ball seat sub 
261 are located below the pressure port straddle 200. A 
no-go sub 262 is located towards the bottom of stinger 
30 259 near the bottom of the liner 251 . A stinger pack 
off 263 is arranged near the bottom of the liner 251 
adjacent float collar 271 which is situated above a 
float shoe 272. A tubular segment 290 is arrange to 
hold a flap 291 open. The tubular segment 290 is 
35 initially shear pinned to the stinger pack-off 263. The 
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shearable landing collar 283 is arranged on the lower 
end of stinger 259. When the stinger 259 is loaded into 
liner 251 the stinger 259 is guided by the stinger pack- 
off 263 on to the tubular segment 290. The tubular 
5 segment 290 is sheared from the stinger pack -off 263 and 
falls to the bottom of the liner 251. The flap 291 is 
now held open by the stinger 259, as shown in Figure 9. 

The packer actuator 300 is arranged below the junk 
bonnet 252 and above the setting tool 253. The annulus 

10 between the tubular member 257 and the polished bore 
receptacle 250 and between the junk bonnet 252 and the 
pack-off bushing 255 is filled with hydraulic fluid 
which hydraulically locks the junk bonnet 252 in the 
polished bore receptacle 250. The stinger pack-off 263 

15 provides a seal in the annulus between the stinger 259 
and the liner 251. The liner 251, the polished bore 
receptacle 250, the junk bonnet 252 and the enclosed 
tools as shown in Figure 9 are then lowered into a 
wellbore through a casing string (not shown) . When the 

20 liner hanger 254 reaches a predetermined point near the 
lower end of the casing string lowering is ceased. 

The liner 251 is hung by setting the liner hanger 
254 which is hydraulically activated by the following 
steps . 

25 Firstly dropping a setting ball 265 through the 

drill string through tubular member 257 and through the 
stinger 259 until the setting ball 265 lands on a seat 
266 in the retractable ball seat sub 261 to form a 
blockage in the stinger 259. 

30 Secondly, pumping fluid down the drill string, the 

tubular member 257 and the stinger 259, above the 
blockage. The fluid is forced through ports 112 in the 
pressure port straddle 200. The pack-off bushing 255 
prevents fluid pressure building up in the annulus 

35 formed by the tubular member 257 and the polished bore 
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receptacle 250. The pressure in the annulus between 
the pack-off bushing 255 and the stinger pack-off 263 
increases to approximately 103 bar (1500 psi) and sets 
the liner hanger 254 hydraulically in a known manner. 
5 As the pressure builds up to approximately 172 bar (2500 
psi) , the seat 266 of the retractable ball seat sub 261 
moves after breaking a row of shear pins, the seat 266 
divides and allows setting ball 265 to drop onto the 
float collar 271 adjacent the bottom of the liner 251. 

10 The drill pipe (not shown) and the upper part of 

the tubular member 257 are now released from immediate 
longitudinal connection with the liner 251 by use of 
setting tool 253. The drill string is now raised and 
lowered about a metre without liner weight. This shows 

15 the well operator that the weight of the liner is 
carried by the liner hanger 254 . 

The liner 251 is then cemented in place by 
releasing a first dart 273 which is followed by a 
predetermined quantity of cement from the surface down 

20 through the drill string, through the tubular member 
257 and through the stinger 259. The first dart 273 
is small enough to pass through the shearable landing 
collar 283 and lands on the float collar 271 adjacent 
the bottom of liner 251. The cement is forced into the 

25 annulus beneath the stinger pack off 263. The stinger 
pack-off 263 prevents cement from rising inside the 
liner 251 and hence the cement is then forced down 
through a float collar 271 and a float shoe 272 and 
then up through the annulus between the liner 251 and 

30 the wellbore (not shown) and up through a second annulus 
formed between the liner 251 and the casing and then past 
the polished bore receptacle 250. Any excess cement 
simply builds up in the casing above the junk bonnet 252 . 
After the predetermined quantity of cement has been 

35 pumped down the drillpipe, a second dart 280 is launched. 
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Second dart 280 comprises a sleeve 293 which is shear 
pinned to the rear of the body. The second dart 280 
lands on a seat 294 which may form part of a casing 
scraper, as shown in Figure 13. An increase in pressure 
5 will be needed in order to shear off the sleeve 293 
which releases the second dart 280. This indicates to 
the operator that there is a fixed quantity of cement 
left in the inner string beneath the second dart 280 and 
above the float shoe 271, which could be, for instance, 

10 20 barrels. The operator can now predict with a degree 
of certainty that for example, approximately three 
minutes of pumping at 7 barrels per minute will be 
required to finish. The second plug 273 subsequently 
lands on shearable landing collar 283 and shears the 

15 shearable landing collar 283 from the stinger 259 or 
simply passes through the shearable landing collar 283. 

Some cement may pass into the annulus between the 
tubular member 257 and the liner 251 through ports 112, 
however, this will be minimal as fluid in the annulus 

20 will substantially prevent this from occurring. 
Circulation, which will be explained hereafter, will 
remove any such cement that does pass into the annulus . 

The junk bonnet 252 is then released from the 
polished bore receptacle 250. As the drill string is 

25 raised it lifts the packer actuator 300 until it is 
above the top 275 of the polished bore receptacle 250. 
The pack-off bushing 255 substantially prevents cement 
flowing into the liner 251 at this time as shown in 
Figure lOa-c. 

30 Raising the drill string also removes the end of 

the stinger 259 from the stinger pack-off 263. The flap 
291 closes and seals off the bottom of the liner 251 and 
the annulus between the liner 251 and the wellbore. Thus 
when circulation begins, the cement in the annulus 

35 between the liner 251 and the wellbore will substantially 



WO 98/35131 



PCT/GB98/00149 



- 22 - 

not be disturbed from the bottom of the liner 251. 

Raising the drill string also lifts the setting 
tool 253 which allows the packer dogs 276 in packer 256 
to move inwardly and out of longitudinal alignment with 
5 the polished bore receptacle 250 shown in Figure 10. 
Dogs 318 now extend outwardly from the sleeve 307 of the 
packer actuator 300 and are retained by lip 321. 

Drill string weight is applied. The weight is 
transferred to the polished bore receptacle 250, which 

10 moves the polished bore receptacle 250 down and 
activates the packer 256 which seals the annulus 
between polished bore receptacle 250 and the casing. 
This is carried out before the cement in the annulus 
between the polished bore receptacle 250 and the casing 

15 has had time to set. 

The drill string is then raised to remove pack-off 
bushing 255 from the packer 256. Circulation can now 
begin by pumping mud or sea water or any suitable 
circulation liquid down the drill pipe through the 

20 hollow mandrel 104 and through aligned ports 112 and 
sleeve ports 114 . Note in this embodiment the aligned 
ports 112 are larger than in previous embodiments. The 
area of the aligned ports is at least equal and 
preferably greater than the cross sectional area of the 

25 stinger 259. Reverse circulation may be preferred, 
i.e. pumping mud down through the annulus made by the 
drill pipe and the casing through the aligned ports 112 
and sleeve ports 114 and up through the hollow mandrel 
104, as the annulus between the inner string and the 

30 casing or polished bore receptacle 250 allows greater 
fluid transfer from the surface to the bottom of the 
well as shown in Figure lla-c. 

Cement wiper subs 260 are arranged beneath the 
pressure port straddle 200 and form a barrier in the 

35 annulus between the stinger 259 and the liner 251, and 
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thereby substantially prevent any cement from falling 
into the majority of the length of the liner 251. The 
pressure port straddle 200 can be raised further up the 
liner 251 and into the polished bore receptacle 250. 
5 The dogs 118 now extend outwardly from the valve sleeve 
107 of the pressure port straddle 200 and are retained 
from maximum extension by lip 121 of retaining ring 122. 
The pressure port straddle 200 can be raised up through 
and above polished bore receptacle 250 while circulation 
10 through ports 112, and sleeve ports 114 into the 
polished bore receptacle 250 and into the casing 
(not shown) while the cement wiper subs 260 remain in 
liner 251 and polished bore receptacle 250 as shown in 
Figure 11. 

15 The pressure port straddle 200 is then lowered and 

dogs 218 engage with shoulder 281 formed by the top of 
the liner 251. Drill string weight is then applied and 
released. The indexing pin 109 follows the channel 110 
and locates in position 126 as shown in Figure 6, the 

20 valve sleeve 107 moves upwardly against spring 105 and 

seals port 112. 
* * * 

Various modifications to the method are envisaged, 
such as in the method using the apparatus of the second 
25 embodiment (Figs. 5 to 7f) the pressure port straddle 
200 would remain inside liner 151 during the majority of 
circulation. 

Both embodiments 100 and 200 would be suitable for 
use with non-cemented liners with the use of an inner 
30 string. 

It should be noted that a barrier between the liner 
(51; 151) and the stinger (59; 159) is most advantageous 
while conducting circulation through either of the above 
embodiments above the liner. 
35 An advantage of the second embodiment is that the 
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pressure port straddle 200 is mounted below the liner 
hanger 154 and hence in an area which is not carrying 
the weight of the liner. 

★ * * 

5 

Referring now to Figure 13 there is shown a casing 
scraper 500 which is arranged above the junk bonnet 52, 
152 and 252. The casing scraper 500 comprises a tubular 
member 501 which forms part of the drill string (not 

10 shown) . A scraper sleeve 502 is rotatably mounted, 
preferably on bearings 503, and longitudinally retained 
on tubular 501. Seals 504 are provided next to bearings 
503. Scraper pads 505, 515 are mounted on springs 506 
which are fixed to the scraper sleeve 502. The scrapers 

15 pads 505, 515 are arranged in two horizontal rows. Each 
row comprises three or four scraper pads 505, 515 
arranged at 120° or 90° from each other about the 
central axis of the tubular 501. Three or four flow 
channels 507, 517 are disposed between the scraper pads 

20 505, 515. The two horizontal rows are offset with 
respect to one another about the central axis of the 
tubular 501 . 

In use, the drill string, liner setting arrangement 
and casing scraper 500 are lowered into the casing. The 

25 scraper pads 505, 515 are biased against the interior 
surface of the casing by springs 506, 516 and hence 
scrape the interior surface of the casing as the casing 
scraper 500 is lowered into the casing. If the drill 
string needs to be rotated, the scrapers remain 

30 substantially fixed in relation to the casing, 
allowing the tubular 501 to rotate in relation to 
scraper sleeve 502. 
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CLAIMS 

1. In or for use in a running tool, a tool (100; 200) 
for removing excess cement from the top of a liner (51; 
151; 251) after hanging and cementing thereof. 
5 2. A tool as claimed in Claim 1, which comprises a 
hollow mandrel (4; 104) , a valve sleeve (7; 107) and a 
port (12; 112) in said hollow mandrel (4; 104; 204) 
wherein said valve sleeve (7; 107) is movable to open 
and close said port (12; 112) . 
10 3. A tool as claimed in Claim 2, wherein said valve 
sleeve (7; 107) is arranged substantially coaxially with 
hollow mandrel (4; 104) . 

4. A tool as claimed in Claim 2 or 3, including a 
spring (5; 105) acting on said valve sleeve (7; 107). 

15 5 . A tool as claimed in Claim 4 , wherein one of said 
valve sleeve (7; 107) and said hollow mandrel (4; 104) 
is provided with an indexing pin (9; 109) and the other 
of said hollow mandrel (4; 104) and said valve sleeve 
(7; 107) incorporates an irregular surface, and wherein 

20 said spring (5; 105) biases said indexing pin (9; 109) 
against said irregular surface (11; 111). 

6. A tool as claimed in Claim 5, wherein said 
irregular surface (11; 111) forms one surface of an 
indexing channel (10; 110) . 
25 7. A tool as claimed in any of Claims 2 to 6, wherein 
said valve sleeve (7; 107) comprises sleeve ports (14; 
114) . 

8. A tool as claimed in any of Claims 2 to 7 , wherein 
said valve sleeve (7; 107) comprises at least one dog 

30 (18; 118) which is biased radially outwardly therefrom. 

9 . A tool as claimed in any of Claims 2 to 8 , wherein 
at least one bearing ring (6; 106) is arranged 
circumjacent said hollow mandrel (4; 104) and bears 
against said valve sleeve (7; 107). 

35 10. A tool as claimed in any preceding claim, wherein 
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part of said tool forms a packer actuator (100) . 

11. A tool as claimed in Claim 10 when appended to 
Claim 5 or 6, wherein said irregular surface comprises 
two lower points (25, 27) in which said port (12) is 

5 closed and one upper point (28) in which said port (12) 
i s open . 

12. A tool as claimed in any of Claims 1 to 9 , wherein 
part of said tool forms a pressure port straddle (200) . 

13. A tool as claimed in Claim 12 when appended to 
10 Claim 5 or 6 , wherein said irregular surface comprises 

one point (125) in which said port (112) is open and one 
point (128) in which said port (112) is closed. 
14 . A tool as claimed in any preceding claim, further 
comprising a stinger (59; 159; 259) and a cement wipers 
15 sub (60; 260) for substantially preventing excess cement 
from falling into said liner (51; 151; 251). 

15. A running tool (1000; 2000; 3000) fitted with a 
tool as claimed in any preceding claim. 

16. A liner hanger system comprising a liner hanger 
20 assembly and a running tool as claimed in Claim 15. 

17. A method for facilitating the removal of excess 
cement from a liner after hanging and cementing thereof, 
comprising the step of circulating a fluid through a 
stinger (59; 159; 259) of a running tool and a liner 

25 (51; 151; 251) . 

18. A method for facilitating the removal of excess 
cement from the top of a liner after hanging and 
cementing thereof, comprising the step of introducing 
circulating fluid in the vicinity of the top of said 

30 liner. 

19. A method according to Claim 18, wherein said 
circulating fluid is introduced through a port 
(12,14; 112, 114) in an inner string (57; 157; 257) which 
extends to a position adjacent the bottom of the liner. 

35 20. A method according to Claim 17, 18 or 19, wherein 
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said step of circulating begins prior to setting of said 
exces s cement . 

★ * * 

21. A casing scraper comprising at least one scraper 
5 pad (505) arranged on a tubular member (501) , 

characterised in that said at least one scraper pad is 
rota table about said tubular member (501) . 

22. A casing scraper as claimed in Claim 21, wherein 
said at least one scraper pad is radially outwardly 

10 biased. 

23. A casing scraper as claimed in Claim 21 or 22, 
wherein there are at least two scraper pads (505) 
arranged in horizontal rows and spaced apart to form 
at least one flow channel (507) . 

15 24 . A casing scraper as claimed in Claim 22 or 23, 
wherein there are at least four scraper pads (505, 515) 
arranged in two horizontal rows which rows are 
longitudinally spaced apart. 

25. A casing scraper as claimed in Claim 24, wherein 
20 said two rows are offset from one another. 

26. A casing scraper as claimed in any of Claims 21 to 
25, wherein said at least one scraper pad (505) is 
mounted on a sleeve (502) , and said sleeve (502) is 
rotatably mounted on said tubular member (501) . 

25 27. A casing scraper as claimed in any of Claims 21 to 
26 attached above a running tool. 

28. A method of cleaning a casing using a casing 
scraper as claimed in Claim 27, comprising the steps 
of hanging and cementing a liner, disconnecting the 

30 running tool from the liner and raising the tool string 
in order to clean debris from said casing. 

★ * * 

29. An apparatus for indicating that a predetermined 
quantity of fluid has been ejected from a pipe in a 

35 wellbore, which apparatus comprises a pressure gauge, a 
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dart (280) comprising a body and a member (293) 
shearably attached thereto, and a landing seat, the 
arrangement being such that, in use, said dart (280) 
follows said predetermined quantity of fluid through 
5 said pipe and lands on said landing seat (294) , a 
pressure increase is noted on said pressure gauge until 
said body of said dart (280) shears away from said 
member (293) , said pressure increase indicating that said 
dart has reached a known position in said wellbore. 
10 30. An apparatus as claimed in Claim 29, wherein said 
landing seat is formed on a casing scraper. 

31. An apparatus as claimed in Claim 30, wherein said 
casing scraper is as claimed in any of Claims 21 to 28. 

★ * * 

15 32 . A liner having at least one of a float collar and a 
float shoe mounted therein, characterised in that said 
liner is further provided with a closure member (291) 
which, in use, on withdrawal of a stinger (259), closes. 

33. A liner as claimed in Claim 32, wherein said 
20 closure member (291) comprises a flap (291) , a 

tubular segment (290) which initially holds said flap 
(291) in an open position but which is displaced on 
insertion of said stinger (259) . 

34. A liner as claimed in Claim 33, wherein said 
25 tubular segment (290) is detachably attached to said 

flap (291) by a shear pin. 

★ * * 

34 . A liner hanger system comprising at least one of a 
casing scraper as claimed in any of claims 21 to 28, an 
30 apparatus as claimed in any of claims 29 to 31 and a 
liner as claimed in any of claims 32 to 34 . 
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